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We use this system to address two key hypotheses in the epidemiology of avian 32 haemoparasites: first, that nestlings in open nests have a higher prevalence of 33 infection; and second, that nestlings sampled at 14 days old have a higher 34 apparent infection rate than those sampled at 7 days old. Open-nesting 35 individuals had a 54% infection rate compared to 25% for box-nesters, probably 36 due to an increased exposure of open-nesting species to dipteran vectors. 37
Nestlings sampled at 14 days had a 68% infection rate compared to 32% in 38 nestlings sampled at 7 days, suggesting that rates of infection in the nest are The age of first infection is a key question in disease epidemiology. Previous 61 studies of haemoparasite infection in nestling birds have failed to find evidence 62 of widespread infection (Weatherhead and Bennett, 1991; Cosgrove et al. 2006; 63 Zehtindjiev et al. 2011) . These studies include those of open-nesting Red-winged 64
Blackbirds Agelaius phoeniceus at 6-7 days old (Weatherhead and Bennett, 65 1991) , Skylarks Alauda arvensis at 5-7 days old (Zehtindjiev et al. 2011) , and 66 box-nesting Blue Tits Cyanistes caeruleus at 11 days old (Cosgrove et al. 2006) . 67
Box-nesting species may be shielded from vector exposure due to their enclosed 68
surroundings, but open-nesting species should be susceptible in areas of high 69 vector activity due to their sessility and incomplete plumage. The lack of 70 sensitivity to detect nestling infection in passerines is likely due to a combination 71 of both the developmental time of the parasite, and the length of the nestling 72 period during which sampling is possible. Following a bite from an infected 73 vector, which injects parasite sporozoites into the blood stream, the parasites 74 then enter a prepatent period where they retreat to the fixed tissues of the host. 75
Here, they develop into gametocytes (the transmissible stage of the parasite), 76 which are released into the peripheral blood stream and can be detected through 77 serological sampling of the host. are referring to those that tested positive through PCR, rather than through 145 microscopy. 146 147 DNA was extracted from 10 -30l of whole blood using a DNeasy blood and 148 tissue kit (Qiagen, Manchester, UK) according to the manufacturer's instructions. 149
Successful DNA extraction was confirmed by using a Nanodrop ND-1000 150 Spectrophotometer (Nanodrop Technologies Inc., Wilmington, DE) and DNA was 151 diluted to a working concentration of 25 -100 ng/ l. 152
153
Blood parasite presence or absence was determined through PCR using four 154 primer sets targeting the cytochrome b gene region (Table 1) The PCR protocol consisted of a denaturation step of 95°C for 15 minutes 168 followed by 35 cycles of primer-specific timings and annealing temperatures 169 (Table 1) 
Statistical analyses 177
Analyses were carried out in R version 3.3.0 "Supposedly Educational" (R Core 178 Team, 2016) . To test for year or species differences in parasite prevalence, we 179 constructed a binomial generalised linear mixed-effects model (GLMM) with a 180 logit link function using the lme4 package. Fixed factors were year and host 181 species (both as categorical variables) and we designated nest ID as a random 182 effect to control for non-independence of nestmates. 183
184
To test our hypotheses, we grouped species according to nest-type (open-nesting 185 or box-nesting) and sampling age (14 days or 7 days; detailed in Haemoproteus strains. We found no evidence for infection by Plasmodium spp. 236
237
We found 17 distinct parasite lineages within our population (Table 3) Haemoproteus at 45% prevalence in 7-11 day old Tawny Pipits Anthus 307 campestris. Studies of raptor nestlings, which can be sampled later in the 308 developmental period than passerines, tend to find higher rates of nestlingday old Northern Goshawk Accipiter gentilis nestlings (Jeffries et al. 2015) . 311
312
Examination of blood smears found that only 44% of PCR positive birds in our 313 study showed evidence of circulating intracellular gametocytes. We did not 314 sequence Plasmodium within our population so this result suggests that some 315
Haemoproteus lineages are able to reach patency in very young birds (e.g. Jeffries 316 et al. 2015; Václav et al. 2016) . The presence of multiple co-infections in some 317 birds and the lack of good quality sequence for all PCR-positive birds means that 318 we cannot reliably examine genus-specific prevalence within our population. 319
However, the presence of multiple strains within some nestlings leads to the 320 question of whether some dipterans can successfully vector multiple parasite 321 strains simultaneously. In many cases we may have been detecting circulating 322 sporozoites following initial infection Valkiūnas et al. 2009 ). Whilst there are 323 likely to be differences in the length of the prepatent period between the 324 multiple parasite lineages found in our population (e.g. Valkiūnas , 325 differences in prepatent period are unlikely to alter either our ability to detect 326 sporozoites through PCR, or our conclusions. This then leads to the question of 327 whether sporozoites from these parasite strains are able to reach patency in 328
Columbid hosts. All 7 Haemoproteus strains found in this study for which host 329 data was provided in GenBank (n=5 lineages; 3 GenBank strains) had previously 330 been isolated from Columbids (Chagas et al. 2016; Yoshimura et al. unpubl; ) and 331 5 of these strains were also found infecting adults within our population (Dunn 332 et al. unpubl.) . From the 10 Leucocytozoon lineages identified in this study foral. unpubl.); 5 lineages were also isolated from adult Columbids at our study sites 336 lending support to the suggestion that these infections were likely to reach 337 patency within nestlings in our population. the closest matching strain on GenBank, % coverage, % identity and the number of nestlings within which the lineage was found. * 469 indicates a lineage also found in adults within our study area. Assignment of lineage names within our study is non-consecutive as our 470 overall study includes adults, data for which will be reported elsewhere (Dunn et al. unpubl.) . 471 
